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FLIGHT RESEARCH CAPAUILITIES OF THE NASA/ARMY 
ROTOR SYSTEMS RESEARCH AIRCRAFT 

Somuol White, Jr. and Gregory W* Condon* 
Ames Uosenrch Center, NASA 
Moffett Field, California 94035 , U.S.A. 


INTRODUCTION 

The Rotor Syntcma Research Aircraft (RSKA) (Fig, 1) 10 being 
developed Jointly by the National Aoronnutlco and Space Administration 
(NASA) and the United States Army under a contract to Sikorsky Aircraft 
Division, United Tachnologics Corporation. Two RSRA vehicles will be 
developed and delivored under the contract to provide th4 U.S. Government 
With a national facility capable of in-flight investigation and verifica- 
tion of promising new rotor concepts and supporting technology. 

The two RSRA nro currently undergoing developmental flight 
testing; one is scheduled to be delivered to the Ames Research Center 
in the fall of 1978 and the other in the spring of 1979. The research 
capabilities that will have been developed and demonstrated at the time 
of delivery of the first RSRA, which is configured ns a helicopter, have 
been defined from flight test data that are available as of this writing,. 
The research capabilities that will have been developed and demonstrated 
at tha time of delivery of the second RSRA, which is configured ns a 
compound helicopter, can be partially inferred from flight test and 
simulation data that ore available as of this writing. This paper 
addresses these data with regard to expected research capabilities and 
limitations at the time of delivery and, whare possible, compares these 
capabilities to the original design requirements, 

BACKGROUND 

The evolution of the RSRA concept and the projected research 
capabilities and uses of those vehicles have been presented in a number 
of previous papers (Refs. 1-4) . The objective of the RSRA development 
program is to provide a versatile rotor research facility capable of 
precise measurement and control of rotor forces and of aircraft maneuver- 
ing flight parameters over a brood range of operating conditions, A 
related objective la to provide adoptability for installation of a 
variety of new rotors, thereby permitting development of promising 
advanced rotor concepts without the costly and time-consuming process 
of developing new or modified vehicles, 

DESCRIPTION 

One RSRA is configured ns a helicopter and the other as a com- 
pound helicopter. In the helicopter configuration (Fig. 2), the RSRA 
has a design gross weight of 18,400 pounds, It is powered by the 
Sikorsky S-Sl rotor und drive system, which consists of two T58-CE-5 
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The KSRA requirements for flight research capability have been 
investigated during the contractor development program. In addition to 
having been flight tasted In both helicopter configurations and in tha 
full compound conf iguratlon, the RSRA has been flight tested in two 
configurations leuding to the full compound configuration. The first 
configuration was that of a helicopter with the compound tall) the 
other wna that of a compound helicopter without the wing (Fig. 11) . Tho 
KSRA is currently being flown irt the full compound configuration. 

Finally, tlia rotor will be removed and the RSliA will be flown ns a fixed- 
wing aircraft. 

In general, tha capabilities of tho KSRA are expected to be 
adequate to begin flight reseurch operations. These capabilities will 
be presented as basod on flight test data and comparisons with design 
limits or predicted results, Substantinl analytical, wind-tunnel, and 
simulation efforts have been undertaken during the development of tho 
RSRA in attempts to predict its flight characteristic!*, to evaluate those 
characteristics ageinst required flight research capabilities, and to 
aid in resolving shortcomings in the design. Given the RSRA requirements 
for versatility, tho resulting complexity of flight configurations, and 
the need t6 contain development costs, it Iiob been necessary to make 
compromises in vehicle capabilities! thcBo compromises will bo addressed. 

Helicopter Configurations 

As noted, there are two helicopter configurations! one in which 
tho transmission is mounted to the nirframo by load ceils and ana in 
which tha transmission is mounted by an active isolation bnlanea system. 

This pnpur will discuss only the configuration with tho load-cell system. 
The unique characteristics associated with the active isolation balance 
system arc covered by another paper presented in this forum, Pnper No, 18, 
entitled ''The RSRA Active iBolntion/Hotor Balance System" by J. Hadden 
ond W. Kuczynski, 

Structures 

The flight envelope for the RSRA in the helicopter configuration 
with the load-cell balanca system was developed for a maximum takeoff 
gross weight of 19,800 pounds, a midconter-of-gravity location (302 inches), 
and a maximum density altitude of 3,000 feet. The envelope for powered 
straight and level flight is shown in Figure 12, tho normal operating rpm 
being 104 X. As shown, the only components experiencing fatigue damage in 
straight and level flight are the push rod and the upper horizontal 
stabilizer attachment fitting. A value of 1045! was chosen ob the 
normal operating rpm because, as the curve of pushrod vibratory load 
endurance limit exceedance shows, at this rpm the lowest stresses exist 
while maintaining an rpm range for variations during maneuvers. The 
power-oif envelope is 94X to 11SX Nr below 135 KCAS. All stresses were 
less in power-off flight than in powered straight and level flight. 

Figure 13 shows pushrod vibratory load versus airspeed, the load 
exceeding the endurance limit (END). The steep gradient of the curve 
coupled with a do-not-exceed limit (DNE) of 2,400 pounds dictated the 
maximum forward speed of 153 knoCB, Pushrod lead is the limiting load 
in tho rotating controls and could be expected to be the limiting param- 
eter for flight testing of different blades on the existing RSRA hub. As 
shown in Figure 14, the right lateral stationary star vibrotory load is 
just below the endurance limit at 153 KCAS at norroul operating rpm. 



This parameter -to tha critical component in tho nonrotneing controls 
anil caulil bo expected to be tho limiting paramotar Cor investigation of 
different rotors tliat could be adapted to tlio RSRA rotor shafts 

Tho vibratory stroBU on tho uppur horizontal stabilizer attach- 
ment fitting, an was shown in Figure 12, exceeds the endurance limit 
in straight and lovol flight within cite demonstrated envelope (Fig. 15), 
Although this attachment fitting is redundant and readily innpuctnbla, 
a modification to correct the exceedance is currently under considera- 
tion. Figure 15 also shows tho next highest rending vibratory airframe 
stress, a tail pylon gage, which is well below the endurance limit. 

The stcudy stresses in the airframe are quite low. Thin Is as expected 
since tho airframe was designed to fly a more powerful rotor (called 
"Super Rotor") and to withstand 4 g at 300 knots as a compound. 

Tha limiting tail rotor parameter, blade vibratory stresu, is 
shown versus airspeed in Figure 16. Thu tail rotor is not a limiting 
factor within tho levol flight envelope, and should not bo a limiting 
factor for main rotors which do not exceed S-61 power requirements. 

The forward flight maneuvering cnvolopo in shown in Figure 17. 

Tim outer envelope is Che fuselage structural design envelope 1 , the inner 
envelope is tho R5RA demonstrated anvolope, Tho trends of endurance 
limit exceedances for the pushrod end upper horlzp'tnl stabilizer attach- 
ment fitting, both of which exceed the endurance limit lit straight and 
luvol flight, are shown, in addition to those parameters, other param- 
eters also exceed endurance limits. 

Figure 18 presents the design envelope of flidaBlip versus airspeed 
for tho helicopter fuselage and tho onvolopo attained during flight 
testing. As shown, the only component experiencing fatigue damage is 
the tail rotor spindle. However, at point A, tho pitch beam load, thrust 
load cell load, and blade totnl utresB are close to the endurance limit. 

In Hover, all parameters are well below their endurance level. 

The envelope for sideward flight is 20 knots right and 30 knots loft 
with the rudder removed. However, tha original coaf lguration for the 
helicopter included tho rudder Installed. As shown in Figure 19, with 
the rudder installed nod the aircraft at a gross weight of 17,236 pounds, 
tho tail rotor pitch beam load was approximately at the endurance 
limit. The vertical tnil/rudder combination wob providing very high 
blockage (57% of tho tail rotor disc shadowed by the tail/rudder) 
resulting in high control loads and, as will bo subsequently discussed, 
low control power. Removal of the rudder reduced the blockage (to 36%) 
and, as shown, dramatically reduced the pitch benm lond. 

The hovering turn envelope Cor the RSRA, which is 20 seconds for 
a 360° turn, may result in fatiguo damage to the tail rotor controls, 
blades, and thruBt lond coll. 

Each endurance limit exceedance requires calculation of fatigue 
damage and continuous tracking of cumulative fatigue damage. Fatigue 
life calculations, using Clio RSRA repented load design spectrum and 
anticipated usage, indicate that the fatigue life of the moBt critical 
component in fatigue exceeds the expected sarvica life of the aircraft 
by an order of magnitude, and that component replacement, because of 
fatigue life problems, will be unlikely. To ensure structural integrity 
for fatigue, however, cumulative fatigue damage will continue to be 


trucked on a fllght-hy-fllght bn# la throughout tlm life of tins itlvcraffc. 
If HUtlttUqimUC llltlO, OIU' It all high-Spited COlUpCHlIUl flight, Ittd It'll to n trend 
In cutmilntlvu ilnmiiRti Umt vlll require component replacement, such 
roplticumeptcj wiU iiu scheduled mni provisioned, Patlgue life, therefore, 
in not expected to tin a limitation on tins mto of tint llSItA. 

Handling QmtU tlt'ii 

hovel fl I Hbt control lability dntit, presented in PI guru 2d, show 
no nmtcctiplnblo ehortieterlatlcn. An expected, ulgnlfleotit changes did 
not result ft' ow changing normal operating rput fvom 10U» to iU'i* f»y tint 
structural cons id oral: luim previously iiu’iitlonisl, Tlm tout yotiuitu nhow 
that tlm toil rotor Impressed pitch ngreuu well with predictions 
throughout tint airspeed range , mnl Unit longitudinal control and pitch 
nttltudo «Ri'au veil with pted lot ionti at low nU'iipoedH but not at high 
airsynmlB. Tito reason for tlm ppyy correlation i it unknown but will bo 
Invontlgniod during res-oreh operations by NASA mtil tlto Army , Thin 
unexplained disagreement coupled wltli tint proximity of tlto control 
atop (158 ot travel from neutral) at 153 KCAS reqitlvea emit* on for 
envelope dovelopmont at aft center of gravity locatJona, However, tbo 
borittMitat ntnlillLaer in ground-ndjustablo mnl ndjuntneiit will bo used 
nu it tnoniin to alloy late thin problem. 

A« nliowti in Figure 21, tlto longitudinal static ntaollity in 
marginally posit ivo nt 70 Kt'AS, which iu the airspeed itt which tbo static 
atahlHty iu predicted to bn tlm lowcat. An iiltown In Figure 22, tlm 
1ml tcoptor configuration exhibits positive In torn 1 directional dtntic 
stability, 

tins dynamic response of tlto KSRA helicopter in well dumped for 
all iixoti In forward flight mi tiltown for yaw in Figure 21, tltoro in 
positive dihedral ttti evidenced In tin* figure also, 

I’UcIi and roll control sensitivity mnl damping in a Uovor art) 
shown in Pi Huron 27* and 25. tlm low-pitch ucnnUlvitv coupled with tins 
relatively higher roll sensitivity in duo to large dlffcrcncoa In Inertia 
(96,000 slug-ft’’ in pitch vermin 11,800 nlug»ft* in rolll. thin control 
disharmony itunlfettss ltuolC In tormo of a Pits tendency (Pin. 26). Thin 
lUiihnrmoiiy problem can Ins alleviated by reducing tlm roil sensitivity 
through tuus of the control phitiilug unit. Reduction of roll sensitivity 
will bo tinder taken by NASA mnl the Army during Initial government 
roimnrch opcrnt lotto, This yaw control sensitivity vormtii damp Inn 1« 

Altova in Pi gu co 27, The extremely low yaw control sensitivity results 
from the high yaw inertia ami makeu Itoveclnn in guilty air difficult. 

Tlm requirements for tail rotor control for sideward flight arts 
itltowh In Figure 28. Note that with tlm rudder installed, thefts iu a 
ulgnlCicmtt loua In tail voter control power. Removal of tlm rudder 
provides adequate trim control throughout the sideward flight envelope; 
however, the low control aemiltlvitv necessitates a larger than normal 
control margin. An o result, maneuvering flight lit n hover in not 
recommended in windy or guilty conditions and n limit of 20 nocotida for 
a 360" turn in imposed. 

Dynamics 

Cockpit vibration data at N/rev for both pilot mat ions are shown 
itt Piguru 29 vortmti airspeed mid are Urn result of one tuning change to 



Ih« bit liar absorbers. >*nly minor variations In vibration level* occur 
ovor Ilia rotor t pm range. lb* vibration levels experienced by tho 
T-Mt engines .nut tall rotor drive system were all within allowable 
Haiti. 

Hrl l. o|»t er W ith Co mpound Ta i ■ Con arat Ion 

tlie helicopter with the compound tail wai (town (I) In order to 
Invent litate the effect on pitch axle handling ipialltle. of rotor down- 
waah on the compound tall, and (2) to vallda’e the aathem.it leal modeling 
of Dili phenomenon no ai to provide coni Idence In the prediction of the 
minimum epeed for the compound prior to lint (light. An ihown In 
figure 10, t he pitch attitude prediction wai quite accurate (In contract 
to the helicopter prediction which diverged at forward ipeedi); however, 
the longitudinal control differed from the predicted contrcl at alr- 
ipeedu below about bO knoti, ihowlng a itlck r ever »al . Consequent lp , 
bO knoti wai net aa the lower limit to which the pred let Iona were con- 
sidered valid for the compound. 

Wingless Compound Cont laurat I on 

The TK- 14 fan |els were added to the helicopter with the compound 
tall In order to Investigate powet management and to validate the 
matin-mat teal modeling ol the |el engines effect on handling qualities at 
low speeds . As a result ol these limited oh|actlves, this configuration 
was 1 1 own well within the envelope ol the helicopter configuration. 

Structures 

Thin configuration was flown at 21,X>0 pounds gross weight, 
mldcenl er-of-gi avl t v location (102 Inches), and normal operating rpm 
(1041). figure II allows the hrllcoplet structural design envelope, the 
helicopter flight test envelope, ar.J the wingless compound (light test 
envelope, all with thrli associated grosa weights. The critical main 
rotor parameter la n»( the pushrod load, aa ll la In the helicopter 
coni Iguret Ion, hut rather the right lateral stationary star vibratory 
load, as shown In Figure I.'. 

In comparison to the helicopter configuration, the added groaa 
weight (from 14,700 pound a to 21, MM) pounds) due to TF- 14 Installation 
causes a decrease ol about 40 knots In the spied at which the star load 
Increases dramatically. Therefore, a nuslmum level flight speed ol about 
ID knots could be expected tor the compound with a wing Incidence that 
would result In a rot r IK' ol 21, XX) pounds and a rotor propulsive 
fore, sufficient to rcomc a drag slightly less than the helicopter 
luselage drag (with Tl 14 engines In Idle, the 1 f - Wnacel le has a slight 
propulsive force). K. . .clton ol the main rotor torque by 201 at 40 KCAS 
results In a significant reduction In star load (2, bill) to 400 pounds). 
Using TF- 14 thrust to Increase forward apeed from this trim condition 
results In an increase of about knots In the speed at which the 
dram.it Ic load Increase occurs, thereby demonstrating, as one would 
expect , that reduction In torque and the use of TF-14 thrust will allow 
increased forward speed even while maintaining high lilt. 

The critical tall rotor parameter, a* was the case In the heli- 
copter, Is blade vibratory sttess IFlg. 11). The basic trends in the 
data with application of Tt 14 thrust are similar to the trends In right 
lateral stationary star load. 
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Ah regards fuselage stresses in this configuration, the call pylon 
Vibratory stress, na shown in Figure 34, remains consistent with boll- 
captor ilnta. Also, ah shown in Figure 34, tha upper horizontal stabilizer 
attachment vibrntory stresses aru reduced relative to the helicopter. 

Till h is due to the largo uppur stnhlllsur being replaced by a amnllor 
onu for the compound configurations, the fuselage utrusBou obviously 
pose no probloraH for this configuration and flight envelope. 

the envelope for sideslip vermin nirnpeod iB shown in Figure 35 
mid was Investigated to understand tail rotor loads in thu event of one 
TF-34 being inoperative, The otroHsoa were all louo than onduraueo 
vniuuB within the envelope, 

Handling Qualities 

The primary handling qualities concern wan the effect of the TF-34 
engines on handling qualities in the pitch axis and verification of the 
accuracy of the prediction# prior to compound flight, Figure 36 shown 
a cuaputluon of predicted and actual pitch attitude and longitudinal 
control vermis airnpoed for TF-34u at idle and for main rotor torque 
at 20T leau than the value required at 90 KCAS with TF-34 b in idle, 

Tha correlation io quite good nnd resulted in high confidence in tlio 
predictions for compound handling qualities. Tho takeoff speed for this 
configuration won ciiouun a priori at 80 knota. Note that tile longitudinal 
control rovorsnl occurs at 80 knots versus 60 knots Cor the helicopter 
with the compound tall. 

Dynamic a 

Figure 37 allows copilot vertical acceleration at f.'/rev and, 
although within acceptable limits, the levels are higher than in tho 
helicopter configuration. Reduction in main rotor torque and use of 
TF-34 thrunt to increase speed result in reductions in main rotor 
vibratory forcing functions and, as oxpucted, reductions in cockpit 
Vibrations. 

Compound Con figu rat ion 

Thu flight envelope development program for the compound con- 
figuration iu errantly tmgoing. 

Structures 

The vehicle is hulng flown at 26,200 pounds takeoff cross weight, 
raldconter-of-gravity position (302 inches), and a maximum density 
altitude of 3,000 Coot. As of this writing only very limited flight 
investigation# have boon conducted. The forward flight maneuvering 
envelope is shown in FlRiiro 3B. Tho outer envelope 1b the structural 
design envelope, thu middle envelope in tho plnuned demonstration 
envelope, and tlm inner envelope is the accomplished envelope an of this 
writing. 

Figure 39 ahowa right lateral stationary star vibratory load 
vermis airspeed for the helicopter, wingless compound, and compound 
configurations. This parameter, not pushrod load, is the critical 
patnmetur for both the Coil compound nnd the wingless compound con- 
figurations, As cm, bu noun by examining thu caaes for the TF-34 engines 
at ground idle, the addition of tile wing to the wingless compound 



increases tlm speed of tlm kmia of tha curve b> wlout 15 knots. Tills la 
due to tlm reduced rotor lift which, over the speed range of 75 to U6 
knots, id predicted to vary from 1!),700 pounds to 17,000 pounds. Docmido 
tlm incrooBod fuselage drag raqulrus a much higher propulsive fores, tha 
compound dntn do not agree With the helicopter data even though tha 
rotor liftd nra approximately aquol, Sotting tlm main rotor torque to 
equal the torquo at BO knota with tlm TF-34 ongiima in idle and uniim 
tha TF-34 anginas to incraaso spaed, results in reduced load as 
mitlclpntud. 

Figure 40 shows tail rotor hlndo vibratory stress varans nirspood 
for tlm holicopWr, wingloBs compound, and compound configurations, Tha 
sama trends as disqussod for tlm right lateral stationary star nppsar. 

Figure 41 shows tlm vibratory Htrosu of tha upper horizontal 
stabilizer attachment fitting and tail pylon vibratory Htrosu, tha two 
fusolnga master indicators, versus airspeed, Thu strous lovols fall 
among tha wingless compound dntn and peso no limits within tho flight 
spoedu Investigated, 

Handling Quill ltiuu 

Tlm duta for trim longitudinal control in level flight with TF-34 
engines at idle nra shown in Figure 42 along with tlm predicted trim. 

As can bo seen, there is excellent correlation. Tlm utlck reversal again 
is predicted to occur at about 80 knots. Flgura 43 Bhows tha trim 
characteristics with rate of climb at 60 KCAS; predictions correlate 
wall with t)m limitud data available. Tlm lift-off speed was chosen as 
80 knots bacmiso of degraded handling qualities below this speed and 
because of attitude considerations. Thu takeoff technique is to not 
thu TF-34 anginas to 5CJ! Np with tho brakes applied; to release the 
brakes and nccolorato to 80 KCAS with tha TF-34 anginas at SOX My; to 
roll tlm throttle back to tho idlu dutent (24% Np); and to lift ok',f and 
climb put using collective. This technique allows a short takeoff roll; 
pormliS a noso dawn rotation at lift-off sinco the trim attitude in 
ciimbout at 500 foot per mlnuta is approximately 1.5" versus n ground 
attitude of 2.5‘j lifts tho tail wlmul first; and facilitates maintaining 
60 knots in transition to tho ciimbout, Lift off at 50% Np is not 
desirable since this would require a largo nose-up attitude change (from 
2,5“ ground attitude to 7.5° climb attitude) to transition to tho climb 
condition. 

Dynamics 

Tlm co— pilot vortical decoloration at N/rav la shown in Figure 44 
for tho helicopter, wingless compound, and compound configurations. Again 
as expected, tlm reduction in rotor lift of the compound with rospoct to 
tho wingless compound results in lowar cockpit vibrations because tho 
rotor forcing timutlons arc reduced. 

Load Coll Systems 

As discuuuud under "Background" and "Description, 11 thu basic 
objective of tho RSRA, to provide precise measurement of flight loads, 

Is provided by tho on-bonrd moasurement system, During the contractor's 
davolopmont flight tost program, lond-coll data liavo boen used almost 
exclusively for structural substantiation of airframe components. Tho 
lond-coll balances hnvo not boon calibrntud as a system to determine 


influence coefflcienta or system accuracy, System calibrations are 
scheduled aa the first task of the Government 'a research flight operation# 
phase, Until the syatem h«» boon calibrated, precise comparisons cannot 
ho made between raeamired leads and theoretical values or valuon deter- 
Wined by other independent mcaauremonta, Simplified teats of roasonabl-,' 
noaa, however, can provldu mi indication of anticipated capability and 
utilisation of calibrated flight data, The examples that follow uro 
Intended to llluntrnto potential risen of loml-coll data In research 
operations, the first illustration, Figure ri**, shoe.i measured values 
of rotor and wing lift versus airspeed for nnaccoiernted forward flight 
of the compound configuration with a wing incidence angle of +10*, The 
difference between those net lift forces with the lift body axis component 
of gross weight in a measure of down-load on the fuselage* rmponnago. In 
tint unealibrnted oxtiwplu, the difference alao Includes errora duo to 
excluding the Influence of other load cells, redundant load paths, 
vertical load factor, and systematic or random errora. 

Similarly, Figure A6 coispnrea measured forcea in the dragfpropuislvc 
forta body axis. In this example the net propulalvo forces are summed 
and the drag of the fuauiago/eapeimngo inferred, this inferred value of 
drag is compared with wind-tunnel data, tho wind-tunnel data have been 
corrected to body-axis components and *» ! 'anted to remove wing and 
auxiliary engine contributions, to pnvi /o a direct comparison with 
flight data. As in the preceding example, uao of uneat ihr.ttcd data, ns 
well as the Imprecision in applying correction factors to wind-tunnel 
data, tend to Introduce error. A further major factor in the absence of 
tall rotor drag In tho wind tunnel data. 

Figure A 7 compares yawing momenta measured nt the wain rotor 
torque, least cells with tall rotor nntitorque and vertical stab titter 
yawing womuuts, Tito latter were calculated from wind-tunnel data using 
yaw angles measured in flight. Again, apparent error la attributed 
primarily to use of uncnlibrutcd data and the Influence of other load 
cells or redundant links. 

After calibration of the on-board measurement nystem, analyses 
similar to the examples presented will be conducted tot* tho fovcea and 
moments In all three axes of the voter force measurement system. The 
questions raised by the "errors" In the examples provide intriguing and 
challenging areas of research wade possible hv the availability of the 
K8KA, 

rosctitniKd, ufhakks 

As wo approach tho conclusion of the RSRA development program and 
thu beginning of research flight operations, our assessment of tho 
expected research capabilities of tho KSRA is favorable. The structural 
limitations should not significantly constrain tho flight envelope for 
research operations} thu handling quant ion, although not optimum, ace 
within tho parameters eriginally predicted} amt there are no fundamental 
dynamics problems. Although the nveurnev of the force and moment 
measurement systems lmr not yet been quantified by calibration, It is 
expected to be acceptable after calibration. Some of l lu l questions and 
gaps in information that have been raised during our aaneasment of RSRA 
capabilities nuRgont areas for early research projects. 



influence coaff Iclenta or mm miirMiti l«>m calibration* *!• 

*c tied u led »• th* 1 1 1 a t ink of lli* Uimnwni '• t*a*arch fl Ight op*tatlona 
phaa*. 1'ntll lh* ayatea ha* been calibrated, pr*cla* io«p*i l eon* cannot 
b* aail* between aeaauied load* and theoretical value* or valu** detei 
■ Ual by »lh*r Independent neaaut eeent a, llaplllM t*al* of t»*aonah|. 
n***, h u e* w e , can provide an Indication of anticipated capability and 
ull lltal Ion of calibrated flight data, Th* eaaeplea that foil.** at* 
Intended lo llluatrat* potential ua*a of toad .*11 Jala In reavarch 
op*ratlona. Hi* lltal 1 1 lual I al Ion, rigut* *1, allow. **•*•<> ted value* 
of rotor and win* Stfl v*r*ua altapeed fot una. . *l*rat*d foiwaid ft Util 
of lh* coiapound configuration with a win* t nc l.tenc * an*l* of »I0*. Th* 
difference b*iw»*n ih*»* n*l lift for.** with lh* lilt body *«!• c«apon*ni 
of gl»a* weight la a araa.ll* of down load on thr fn*«lag* eepennag*. In 
th* uncal Ibratrd eaaapl*, th* dlffvtenc* alao Initial** rrtota dur to 
eacludlng th* Influence of olh*r toad cell*, r»duialant load pallia, 
vertical load factor, .ind mt*aalt( ot rand. a* otrota. 

Stall ar 1 « , t'tgut* 4b coaparea avaautod fori-** In lh* dt a* 1 propti talv* 
fori t hod i aala. In thl* vaaapt* th* n«i proinilalv* for.** at* * n an»J 
aitd lh* drag of th* tuaelag* *apvitna*r inf »t red . Thla Inlrrrwd vatu* of 
drag I* i'oap*r»d with wlnd-tunn»t data. The wliwl -tu.m*l data hav* b*»n 
cor rail *d to h»*dv aata loafwwMa and ualvd to r*wy* win* and 

aualttarv *n*ln« contr tbuf Iona, to pr v • a dltect coapartaon with 
flight data. A* In lh* pir.*din* »taapl«, use ot un.allbrrivd data, a* 
w*tl a* th* laptvi laion In applying corrartlon fa. lota to wind t unit* I 
data, t*nd to Inttodur* error. A futth*t naloi factor l* th* abaenc* of 
tall rotor drag In th* wind tunnel .lata, 

Ttgur* 47 t onpat «• yawing a<*rnl t aicaaul *d at th* taaln rotor 
torque toad celt* wit 1 * tall rotor antltoti|u* and vertical *tabtltr*r 
yawing »<awiita. Th* tat lei wet* calculated trim wind tunnel data uatng 
yaw angle* avaaured In flight. Again, apparent error la attributed 
pr Inertly to ua* of uncal Ibrated data and th* influence of othet load 
r*tla oi redundant link*. 

After calibration of th* on W<otd neaautenent ayaten, analvaea 
alallar to th* eaonpl** pteavnte.l will be conducted lot th* fotcaa and 
»>i**nt* In all thre* *»** ot lh* totoi fotc* neavutenent avatra. Ill* 

4u*at Iona rataed bt th* "error*" In lh* eaanple* provide Intriguing and 
challenging area* of reaearch atade poaalblr bv the availability of th* 

KSMA. 

in*ai'Hlh> KIMAKKs 

A* we approach th* conclualon of th* KSKA development ptogtan and 
th* beginning of r»**atch flight operation*, our aaaeaanent of th* 
vapected reaearch . apabll It lea of lh* KSKA I* favorable. Th* atructutal 
1 1st tat l.ma ahoul.l not algnlf I. ant |y conalrain the flight envelope for 
reaearch operation*; lh* handling quel It I**, .tit hough not opt tnua, ace 
within th* pataneter* originally pied tiled, and Ihei* ar* no fundamental 
dynamic* ptobleata. Although tfw a. curacv of the force and moment 
meaaui eiaent avatema hae not y«t been quant If l*d bv calibration. It la 
expected to b* acceptable alter calibration. Son* of the quaatlona and 
gapa In Information Ilia! liave been rataed during out acaeaaaent ol KSKA 
capabll It lea anggeat area* for eai ly reaearch prole. ta. 
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Pig. 1 Rotor Systran. 

Aircraft. 
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Pig. 2 RSRA helicopter configuration 


\ ' II II I I I f I ! -i ' f : li.1 ■ 





AUkltlANV Uftl* 


Li iiAiMt UMoriii / 

Jl. MVOI MMI A 

( JL* 3 

y ^ :# v v >v 

• * /f v \ o* 

w \ 

^ r r» a 

f* V- ( i#vT\ 

V., 


I ■> 


IM i ah a 


Vs 

* "v ' 
»> 




NX 

Hu. I> Will* loa.l uwauui nnwiil »v»li'« i uni t (lull I lull 

t N MWIIMI 

tOAIH.lt! aim. A AMI MWI, 

T^p Q3? 

II HIMMI ] Li 


M| AV'HAIMI 

MWMU 


Kin. 1 Ah a 1 1 1 .11 v |>r.i|nil*l.>n iml lull mini 
I In nut MMiuriwnl ivilioi . .ml 1*111 it Imm. 


mvihiii imai ii.nii> 

I All MHtt 

cv 


jl ' *-L/x 


« mwialHAi tit* \ 

U:' 


« 


1 'X 


Ki|. H C 


if 





mt»t 




r„. 10 


fl* b> wlir High! ■valaw. 


i: i > 





Fig. 11 RSRA wlngleaa compound 
conf lgurat Ion. 


Fig. 1) Critical main rotor rotating 
controla load for tha hallcoptar 
conf lgurat ion. 
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Fig. 12 Helicopter power-on envelope 
in level flight. 
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Fig. 14 Critical main rotor 
atatlonaiy controla load for the 
helicopter configuration. 
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Kig. I' Critical fuselage a(r«i««t fit* U Helicopter forward f l lnl«t 
for the helicopter cwtf ifurot ion. maneuvering envelope. 
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Kit* if* Critical (ail rotor load for 
the helicopter configuration. 


Fit* l* Helicopter •ideal ip 
envelope. 
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H|« \** Effect of rudder removal on tall 
rotor toad* for helicopter In m l devoid 
flight. 
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Kin. 20 inmp.ir I non of predicted .mil actual 
trim (nr the helicopter configuration. 


72- In 


ov'v"' 


MtMVtM % a 


*#« 

■ « »# 




2 r 





»♦« n* «•• 



i 4i MOIO « .^%ri I O t««* 


Kill. •! l.Mtgltiulliul •(Alik HUMIH' 
In (hr hr II i- «»p(*i t «'nf i|urnt h'n 


utD(«AM«tiiA mu >%.*»•• im« %« 

(.•««%» wt utNt *•««*• 





\i 

f » 

V 


I 

£ 

** 

J 



. » CAt’MU'IP 4i*%r«n» 




it iltivct l.*n*l ilil 1. 

In th* h*l . .ml igm at l.m, 







Fig. Helicopter roll control Fig. 2t> Helicopter right hover turn. 
Hen*lt tvlt v/domplng In « hovel. 
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Fig. 21 Hcllcoptoi vow control 
•mail tvtty/donptng In n hover. 
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Kip. 20 Eltect ol rudder removal on lull 
rotor control lor he 1 Icopter In 
■Idevard 1 Unlit. 
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Kill. 29 Cockpit vibration* lor 
hoi icoptor coni tnniat Ion. 


Kin. 10 Compart non oi pi dieted and 
actual lounltudln.il Him lor the 
helicopter with compound tall 
conf ln»r»t Ion. 
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Fig. I* Critical main rotor load tot 
thr wlnn lot ciHtpound. 
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Fig* 11 Critical tail rotor load for 
l Hr wltiglaaa lUUHniml. 




Fig. It Sldoaltp rnvalop* lor 
wlnglraa > oapouml . 


Fig. it Cockpit vl*>ratlona lor wlr.g- 
uiapounJ ronf tgurat Ion. 
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Fill 41 Critical luwU|> fttmin 
(or th« coapound con( l*urat Ion. 
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